Abstract-In this paper, we suggest a general model for the fixed-valued impulse noise and propose a two-stage method for high density noise suppression while preserving the image details.
II. IMPULSE NOISE MODEL
Two common types of the impulse noise are the Fixed-Valued Impulse Noise (FVIN), also known as Salt-and-Pepper Noise (SPN), and the Random-Valued Impulse Noise (RVIN). They differ in the possible values which noisy pixels can take. The FVIN is commonly modeled by
where , and are the original and the corrupted images and the noise density, respectively and is the image coordinate. This model implies that the pixels are randomly corrupted by two fixed extreme values, 0 and 255 (for 8-bit grey-scale images), with the same probability.
In [9] , a model is considered as below:
where . We refer to this model as Fixed-Range Impulse Noise (FRIN). In this model, instead of two fixed values, two fixed ranges at both ends with the length of are assumed to be impulse noise values. Also the densities of low-intensity and high-intensity impulse noise might be unequal.
Here we consider the General Fixed-Valued Impulse Noise (GFN) or Multi-Valued Impulse Noise
(MVIN). That is:
{ where is the set of impulse noise values with elements chosen from the set [ . The impulse probabilities don't have to be equal. Models described in (1) and (2) 
B-Image Restoration Using the AIM Filter:
To restore noisy pixels, we first compute the Distance Transform (DT) of the image. Each element of DT contains the Euclidean distance of the corresponding image pixel with the nearest uncorrupted pixel.
For Euclidean distance calculation, we used the fast algorithm described in [12] .
The image is the input for the AIM filter. In this image, each noisy pixel takes the grey-value of its nearest uncorrupted pixel. In the AIM filter, the noisy pixels which their corresponding elements of DT have larger value, will be modified in more iterations. The number of iterations (NI) is twice of the maximum element of DT. Also, is an all one matrix with the same size as the image.
The fast implementation of the AIM filter is described below:
1-For from to , update the image and the Mask matrix as follows:
1-The restored image is obtained as below:
At the end, if the difference between an estimated value and the received one is lower than the correlation threshold, replace it with the received value; because it might be an uncorrupted pixel with one of the impulse values.
IV. SIMULATION RESULTS
The proposed method is compared with the best existing techniques for SPN and FRIN removal.
Comparisons include the quantitative evaluation, the visual quality and the time complexity. In simulations, the entropy and the correlation thresholds are set to 6 and 8, respectively. We consider three cases: SPN, FRIN and GFN. The results are provided below: 
B-Fixed-Range Impulse Noise (FRIN):
For FRIN, we consider different cases for image Lena at noise density 80%. It can be seen that the proposed method significantly outperforms other techniques.
C-General Fixed-Valued Impulse Noise (GFN):
In the GFN model, several noise types can be studied according to the different sets of impulse values.
We consider two types. In type I, we suppose that there are 20 random noise values with equal probabilities. In type II, the impulses can take any even grey-values. Table IX and Table X list the results for these types at different noise densities. Fig. 2 shows the image Lena, corrupted by 80% of type II GFN and the reconstructed image using the AIM filter. Iterative Mean (AIM) filter is presented. In this filter, the noisy pixels which are farther than their nearest uncorrupted pixel, will be modified in more iterations. The AIM filter outperforms the best existing techniques for SPN and FRIN removal. The proposed method is fast and quite suitable for real-time applications.
